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1 
This invention relates fo reflning of off in- 
volving azeotropic distillation with a s01vent 
liquid which is af le.st partially miscible with 
water af ordinary .temperatures and particular 
relates fo the treatment of off containing at le.st 
a small proportion of constituents having true 
boiling points approximating the range of the 
solvent boiling temperature and below. 
The present app]ication is a continuation-in- 
part of out prior app]ication, Serial No. 26,688, 
filed lVfay 12, 194, now patent No. 2,600,182 which 
claires an azeotropic distilltion process for re- 
firdng mineral off, using furfural as the solvent. 
In accordance with the invention, a ]ow bofling 
off, such as kerosene or a gas off, is distflled with 
a selective solvent of the class consisting of 
phenol and ani]ine in the presence of water or 
another suitable azeotroping agent in a distilling 
zone under conditions effective fo form a terrmry 
azeotrope with the desired off constituents of 
the feed oiL The distfllate containing the azeo- 
trope and a residual liquid containing residue 
off are separately withdrawn from. the distfll- 
tion zone. 
The invention bas app]ication fo the defining 
of kerosenes .and gs oils fo remove aromatic 
constituents, unsaturated hydrocarbons, includ- 
ing naphthenes as we]l as o]efins, and sulfur 
compounds. The resu]ting refined oils are thus 
more paraffine in character and therefore more 
suitab]e as burning oils and diesel ofls, as the 
case may be. 
According fo one mode of operaion, the azeo- 
tropic distil]ate is condensed and cooled fo 
proximate]F atmospheric temperature or fo a 
temperature of about 100 ° F. and subjected fo 
sett]ing, so that ,separation into three liquid 
layers occurs. Thus when water is used s the 
azeotroping agent, the three layers so formed, 
upon sett]ing, comprise an oil-rich liquid 
a water-rich ]iquid ]ayer, and a so]vent-rich liq- 
uid ]aFer. The solvent-rich liquid is recFcled 
fo the distfllation zone, and residual solvent is 
recovered from the oil-rich and water-rich liq- 
uids leaving a so]vent-free refined off as wfll be 
described ]ater in more detafl. 
Acording fo another modification of the proc- 
ess of the invention, the azeotropic distil]ate 
condensed, either without substantial reduction 
in çemperature or fo some intermediate tempera- 
ture ai which two phase separation occurs. The 
hot condensate so obtained is subjected to settling 
in a prinmry sett]ing zone wherein disp]acement 
of off from water occurs. The disp]aced off, 
taining a large amount of solvent is seParately 
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subjected fo settling in a secondary settling zone 
af a temperature substantially below the tem- 
perature of miscibflity of ifs constituents so as 
to as effect recovery of the solvent in concert- 
5 trated form suitable for recycling fo the distfl- 
lation zone. lesidual solvent is recovered from 
this secondary off layer and also from the primary 
water-rich liquid by distillation as wfll be dis- 
cussed later. 
l0 A further modification of the process of the 
invention involves carrying out the primary azeo- 
tropic distillation so as fo form a residual liquid 
which comprises a solution of residue off,in sol- 
vent. This residual liquid solution is subjected fo 
15 azeotropic distillation to effect recovery of sol- 
vent and produce substantially solvent-free re- 
sidue off in a manner which wfll be described in 
more detail. 
In Patent No. 2.534,382 dated Dec. 19, 1950, to 
20 Wiliam E'. Skelton and George B. Arnold, one 
of the present joint app]icants, there is discosed 
a process for refining ]ight oi]s which involves 
conventional liquid-liquid souvent extraction of 
the off coup]ed with azeotropic distfllation of the 
25 resulting raflinate and extract phase mixtures 
for recovery of the soIvent. In these operations, 
however, azeotropic distil]ation is utilized only to 
effect recovery of the solvent from either the 
raflinate or extract off or both. The present in- 
30 vention distinguishes therefrom by emp]oying 
azeotropic distillation in effecting the initial sep- 
aration of the feed off into refined off and res- 
idue ana]ogous fo raflinate and extract phases 
of solvent refining. The present invention also 
.35 distinguishes from azeotropic-extractive distfl- 
]ations as heretofore practiced by conducting 
the operation in the presence of a suflïcient 
amount of water or other agent so as fo form a 
ternary azeotrope rather than a binary azeotrope 
40 with all of the raflinate phase discharged from 
the primary separation zone. 
Ternary azeotropic distfllation involves con- 
siderably more than mere]y adding water to a 
binary distil]ation. Binary azeotropes and ter- 
4 nary azeotropes bave different properties and dif- 
ferent limitations. 
Binary azeotropes of a solvent and hydrocar- 
bons bofling above the boiling point of the sol- 
vent ail boil a few degrees lower than the true 
50 boi]ing point of the solvent. Birmry azeotropes of 
a solvent and hydrocarbons boiling be]ow or in 
a range approximating the bofling point of .the 
solvent, boil over a range a few degrees below the 
true bofling points of the hydrocrbons. Ternary 
55 azeotropes of these hydrocarbons with.water and 
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a solvent such as phenol or aniline, on the other 
hand, bofl be]ow the boiling point of water in the 
range of 208-212 ° F., regardless oï the boiling 
point of the hydrocarbons boiling above 212 ° F. 
Separation of hydrocarbon mixtures by binary 5 
azeotropic-cistil!ation is in general limited to 
fractions of relatively narrow boiling range. 
Ternary azeotropic distillation may be applied to 
hydrocarbon fractions of relatively wide boiling 
range. Ternary azeotropic distillation using= 10 
water permits the sepaïation of hydrocarbon mix- 
.tures whose boiling range is above the boiling 
point of water, and which ma ineludethe boil- 
ing point of the solvent. 
In order to describe the invention, referenCe- 
will now be ruade fo Figures 1 and 2 of the ac- 
companying drawing. The. drawing:sets:f0rt.k_a 
method of flow which is particularly suitable-for 
the reflning of kerosene.using phenol or aniIine 
as a selective solvent and water to form the ter- 20 
náry azeotropes. 
As indicated in the drawing,-kerosene-is con- 
ducted from a source- hot shown OEhrough a pipe 
land introduced fo about the mid-point of a 
distillation column. The solvent is supplied 25 
either through pipe  leading fo the upper por- 
tion of the column or through pipes 4 and  into 
+he intermediate pmtion of the tower along with 
the feed off. The solvent is introduced to the 
column-in the proportion oï about one-half to 30 
three volumes per volume-of kerosene, and, pref- 
erably.; inthe proportion ofabout one volume per 
olume of kerosene. 
The column-is provided with a reboi!er 6 to 
provide boat_for distillation. It will be under- 35 
stood-thatprovision can be made for preheating 
the-entering so!vent and off by suitable heat ex 
change or_direct heating, such provision hot be 
ing-indicated Inttie d2awing. 
Column-_2 can beoperatedunder-atmospherïc 
orelevated .pressures and can a!so be operated so 
that the residual liquid:drawn:offfrorn the bottom 
othe tower-: consists of solventfree-or substan- 
tîlly_, solvent-free resïdue off which-can be dis- 
cl4arged thr0ugh pe . 
W-bon so-operatëd as. to. produce solventfree 
resdue: off,. the temperature at the  top of the 
column 2is maintained at about 300 ° F. when 
phenol is used as OEhe solvent, or about 310 ° F. 
when aniline is employed, whfle solvent and kero- 50 
serte ,are introduced in the approximate relative 
proportions of one to one.. Water is supplied in 
the proportion of about one-eighth fo one of 
sol?ent plus kerosene. Under such conditions, 
the. distillate produced from the column wfll con- 
sist_of_ ternary azeotropes or reflned oil hydro- 
carbons, solvent and water, the refined off 
amouting fo approximately 50-80 % by volu-me oî 
the feed off. This distfllate is discharged through 
pipe ! 0 and a condenser cooler  . The resulting 60 
cooled condensate af a temperature of about 60- 
90 F. in the-case of a phenol solvent, or about 
100-I50 ° F. in the_case of aniline, is conducd 
through pipe I to a settling vessel ! 3. 
In the vessel I, separa.tion into an oil-rich 
liquid-layer water-rich liquid layer, and a sol- 
vent-rich liquid layer occurs. The solvent-rich 
liquid is continuously drawn off-through pipe 
for return t0 the column 2. This recycled sol- 
vent is saturated with water, and wfll th.u con- 70 
tain about 812% water by volume in the case 
ofphenol and 4-15% in the case of aniline. 
may also retain a small amount of residual off-- 
approximately 5-20% by volume for phenol and 
5:15 %..for aniline. 

4 
The refined off layer containing about 10-20% 
phenol or 6-11% aniline, as the case may be, is 
continuously drawn off through pipe 6 to a sec- 
ondary column !  wherein if is subjected to azeo- 
tropic distillation in the presence of water. This 
column: is: also :provided with a: reboiler: ! , and 
provisionds-.made: for supplying water, reflux *to 
the top of the column. Thus a portion of the 
previously mentioned water-rich liq.uid drawn off 
through pipe !-from the settler !  is conducted 
througti branchpipe ! to supply this reflux liq- 
uid. If desiredl a further portion of this water 
may be:.injected:.from branch pipe 20 into the 
10werportion-of thecolumn ! to provide a strip- 
ping action to aidin distilling residual solvent 
from the rafllnateoil. Solvent-free reflned off 
discharged.through :pipe 2 !. 
The-resulting distfllate comprising water, off 
and rsidual solvent is removed through pipe 22, 
condenser 2 and pipe 24 fo the previously men 
ionedsettlér ! 
Asindicated: a portion oïthè water-rich.liquid 
ïrom pipe.-!4 is diverted through pipe.30: and 
branch pipe 3 ! communicating with:pipes $2 :and 
3. Fipe2 th.uspermits sùpplying:some of this 
water as reflflx fo the primary cohunn 2, whfle 
pipe - permits supplying some of it to the lower 
portion thereof for stripping purposes. If-de- 
sired, provision may be marie: for in*troducing 
open steam from a source hot shown through 
pipe 
The--surplus watër noïecyclëd fo columns. 
and !T is discharged:though-pipe 
stfll retains a small amount of. residual solvent, 
it can be passed :toa--suiable: ïractionator for thc 
recovery-of this-residual solvent: 
B: way of example,, when operating in 
manner just described, akerosene fêed oit havlng 
the f011owing physicat characterisics-is .charged 
fo tle middie of the co!umn2 
Gravity,. A; P. I .......................... 40,4 
Anflire- point -_ ......................... 1305 
Sulf.ur weight, per cent .................. 0.19 
Refractive:index ......................... 1.4551 
Color, A 
Distillation. A.= S..T.M.:: 
I. B. P ............................ 3G0 
10% .............................. 384 
50% - - ............................. 401 
90%. _ ..................... - ....... 440 
End point ......................... 494 
The. solvent is-charged to the column' at the 
rate of 1.0 volume-solvent per volume of kero- 
serte per bout. Water is injected at the top of 
the-column at the-rate of 0.1 volume, and at the 
bottom oï the colunm at the rate of 0.25 volume 
per volume of kerosene per bout. 
Employing phenol as the solvent, the tempera- 
ture a the top of the tower is maintained at 
about 300 ° F: and the pressure on the system is 
maintained at approximately atmospheric. The 
resultingdiStillate is condensed, cooled and sub- 
jected to separation at approximately 0 ° F. The 
resultingoil-rich phase amounts to about 0.S5 
volume, the waterrich phase about 0.35 volume 
andthe phenol-rich phase about 1.00 volume per 
volume of kerosenecharged. The residue off 
drawn off ,ïrom-the bottom of the column 
amounts fo about 0.40volume per volume of kero- 
serte charged. 
On the other hand, with aniline as a solvent, 
and with the system pressure approximatelyat- 
mospheric; the tower top temperature is prefer- 
ably maintained about 310 ° F., and the distillate 
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is condensed, cooled and separated af about 100 ° 
1 . In this case, the resulting oil-rich phase 
amounts to about 0.64 volume, the water-rich 
phase about 0.38 volume and the aniline-rich 
phase about 0.93 volume, all per volume of kero- 
sene charged, whereas the residue drawn off from 
the bottom of the column amounts fo about 0.40' 
volume, on t, he same basis. 
In either case, the oil recovered from the dis- 
tillate ofl-rich phase possesses the following ap- 
proximate characteristics: 
Gravity, A. P. I ........................ 44.0 
Aniline point .......................... 143.6 
Sulfur weight, per cent ................ 0'.077 
lefractive index ...................... 1.4445 
Color, Saybolt ......................... ÷30 
In the event that the primary column 2 is op- 
erated so that the residual liqnid removed from 
the bottom thereof comprises a solution of 
residue oil in solvent, this residual liquid 
stream is conducted through pipe 4 to a ds- 
tilling colu/nn 4| substantially similar fo those 
previously desclïbed, and wherein the residual 
liquid is subected fo ternary azeotropic distilla- 
tion in a substantially similar manner fo tht 
conducted in column  , and so as to produce sol- 
vent-free residue oil. The latter is discharged 
through pipe 42. 
The resulting distfllate is removed through 
pipe 43, condenser cooler 44 and pipe 4 fo a set- 
tler 48. In this settler, separation into three 
liquid layers occurs. The solvent-rich liquid is 
withdrawn from the bottom of settler 48 through 
pipe 47 and recycled fo the primary column 
The watermrich liquid is drawn off through pipe 
48, part being diverted through pipe 49 ïor re- 
cycling fo column 4 by means of branch pipes 
0 and 8|. The non-recycled portion is dis- 
charged thrÇugh pipe 2. If can be treated a!ong 
with that discharged through pipe 3 in a final 
fractionator fo recover residual solvent. 
The oil-rich layer collecting in settler 48 may 
be discharged as such through pipe 83 in which 
case if can be conducted through pipe 4 fo the 
residue off stream discharged through pipe 42. 
If can also be recycled fo the system, for exam- 
pie, by passage through pipe  communicating 
with pipe  or by passage through pipe 58 fo be 
combined with refined off in pipe 
Figure 2 refers fo the modification wherein thc 
distillate from the primary column is subjected fo 
staged sett!ing af different temperatures. In this 
opeçation, the distillate drawn off through pipe 
0 is subjected fo condensing in condenser   to 
forma hot condensate, preferably af a tempera- 
ture of about 130 ° F. using phenol, and about 
250 ° F. with aniline as the solvent, and such that 
water separates from the oil-solvent mixture. 
Therefore, when phenol is used as the solvent, 
the hot condensate is passed fo a primary settler 
8 maintained af about 130 ° F. and under su- 
cient pressure fo maintain liquid phase ciriditions 
therein. In this settler the mixture separates 
into a primary off layer comprising about equal 
parts by volume of off and phenol and about 
10% of water and a lower or aqueous layer com- 
prising about 0% water, 20% phenol and 10% 
oil. The temperature in the primary settler is 
chosen so as fo effect binary phase separation. 
The aqueous layer is drawn off through a pipe 
8, and a substantial portion thereof is diverted 
through pipe 3 for return fo the refining tower 
2 as has been described in onnection with Fig- 
ure 1. 

The primary oil layer is drawn off from the 
upper portion of the settler 8 through a pipe 82 
and passed through a cooler 83 wherein if is 
cooled to about 60-90 ° 1., such that separation 
 into two layers occurs in a settler 84. The upper 
or secondary off layer comprises about 87% off, 
12% phenol and about 1% of water. The bottom 
or solvent layer comprises about 80% phenol, and 
about 12% off, and about 8% water. The bottom 
10 or phenol-rich layer is drawn off through pipe 
8.8 and returned fo the refining tower 2 as re- 
cycled solvent. 
The secondary off layer is drawn off from the 
settler 84 through a pipe 88 fo the distilling col- 
15 umn 7 which bas been described in connection 
with Figure 1. As in the case of Figure 1, the 
refined off is drawn off from the bottom of the 
column !  whfle the small amount of residual sol- 
vent recovered as distillate therefrom is con- 
20 ducted through pipe 22, cooler 23 and pipe 24 for 
return fo the primary settler 8. 
A portion of the aqueous laYer from the bottom 
of the primary settler 8] is conducted through 
pipe 88 for introduction fo the tower [ in a 
25 manner similar to that already described in con- 
nection with ligure 1. Likewise, the non- 
recycled or surplus portion of the aqueous layer 
ïrom the primary settler 8 is drawn off through 
pipe 3 fo a fractionator for recovery of the small 
$0 amount of residual solvent contained therein. 
When aniline is substituted for phenol in the 
foregoing embodiment, itis preferred to operate 
condenser  and the primary settler 88 at a 
temperature of about 250-300 ° F., in which case 
$; the mixture separates in the settler into a pri- 
mary oil-aniline layer and lower aqueous layer. 
The primary layer comprises about 60 parts of 
aniline and about 40 parts of off with only a trace 
of water} and a lower water-rich layer contains 
4@ about 75% of water, about 15% of aniline and 
about 5% of off. So also, the separation in the 
secondary settler 84 is preferably effected af a 
temperature of about 100-120 ° F. In this case, 
the upper off layer which separates in the settler 
4; secondary 84 comprises about 90% off, 10% ani- 
line with only a trace of water, whereas the bot- 
tom or solvent-rich layer comprises about 88% 
aniline, about 8 % off and about 4 % water. 
The extractive-azeotropic distillation operation 
50 in the refining tower 2 may be carried out un- 
der super-atmospheric pressures; for example, it 
may be carried out under pressures of ten to 
twenty-five pounds per square inch gage or suf- 
cient fo provide the pressure necessary to main- 
55 tain liquid phase conditions in the staged set- 
tling zones described in Figure 2. 
While mention has been made of subjecting 
the oil-rich liquid streams from the settling res- 
sel 3 fo azeotropic distillation, nevertheless, it is 
ô0 contemplated that other procedures may be em- 
ployed for recovering the residual solvent from 
the refined off, such as water washing. The 
resulting wash water containing extracted sol- 
vent should then be treated in a separate frac- 
65 tionator for concentration of the solvent, or con- 
tacted with a stream of feed off under conditions 
such that the feed oil would extract the solvent 
from the water. 
ï0 In operation the primary azeotropic reflning 
column 2 is operated under conditions to permit 
malntaining the highest top tower temperature 
compatible wlth good refining action. The sol- 
vent recovery columns  and 4 are operated at 
75 the highest temperature compatible with a rea- 



orble amount, of. oil in the distillaLe hot in-ex- 
eeS: Of about 30%. 
Although%reatment oi kerosene has been sPe- 
cLfieall:.referred fo in connection with the dmw- 
i, .it should be undersçood thç the .pr0ce s is 5 
pplicble  çhe çretment of other leW bofl- 
ing oi; cludg gs oils nd oils o:eiçher virr 
gin or crcked te. In general, the invention 
has .application  the treatment of hydrocçbon 
mixtures hving an A.-S. T. M. boili rnge 10 
obout 275-600% tt is aiso contemplated that 
it bas ppliction to the t'etment Of oils de- 
rived ïrom-mal-and vegetble sources. Spe- 
cffic conîtions of temperature and solvent dos 
ge maY , vrY ïrom thesWSCific!Y:ementioned, 15 
dependingup0n t!e. characr o the feed off un- 
dergi-tetment and the degree of fráctional 
sepÇrtion desired. 
Reerence herein to constituents or hydro- 
carbons having true bofli points approximat- 20 
ing the boiling point of the solvent, or the like, 
means off constituents whoseboiling points re 
sufficiently close to that of the solvent so tht 
they-are not realy separdble thereïrom by ordi- 
nary ïrtionation. This, accordingly, includes,_ 5 
for example, frctions boiling as high as 10-20  
F. bove the solvent bofling range. 
Obviously many modfficatio and varitions 
of the invention as above set forth may be nade 
without departing from the spirit and scope 30 
hereef; and, therefore, only such limitations 
shouid be imposd as are indicated in the ap- 
peded claims. 
We claire: 
1. In the refining of a mineral feed off boil- 35 
ing withi the range ab0t 275 fo 600  F. con- 
tang both-saturated and satuated con- 
stituen, said saturated constituents being ca- 
pable--of entering into ternary azeotrope ïorma- 
tion with a polar solvent liquid of the .class con- ,te 
sisting of phenol and aniline in the presence of 
water, fo-separate therefrom a h'action enriched 
in-said-saturated constituen by azeotropic dis- 
tillation with said-polar solvent liquid, the meth- 
od.-comprising.continuously passing fresh feed Off  
aud said pol-ar solvent  a prima ditillation 
zone. subjecting aid off to azeotropic distillation 
therèin in the presence of water and said sol- 
vent, supplying water and said solvent fo said 
primary distfllation zone in aounts sucient fo 0 
tortu- a- distillate consisting essenti9.H of u er- 
nury-.azeotropic mixture ofwater, solveut and 
saturated-constituents-oï off, and containg af 
least about 50% of the ïeed oil entering the ex- 
traction zone, and said zeotropic mixture boil- 5 
ing below the boiling temperature of water un- 
der the pressure prevailg-in said.zone, continu- 
ous!y andseparately withdrawing from said ne 
said distillate and a residual liquid containg 
unsaturafed constituents of the feed off, con- 
densing said distiate, subjecting resalting con- 
densate to stratffication  a settling zone ata 
temperature in the range about 60 to 150  F. 
forming  said settling zone a water-rich liq- 
uid layer, an oi!-rich liquid layer and a solvènt- 65 
ric liquid layer, recycling at least a rtion 
of said solvent-rich liquid to said primary dis- 
tillation zone, passing sAd oil-rich liquid to a 
sondary distillation zone, injecting a portion Te 
of said water-rich quid as reflux fo said sec- 
ondary distiation zone, subjecfing the oil-rich 

liquid to azeotropic dis_til!ation herei. fo remoye 
aqueoùs sivénaS a: iitfilte theefrom, recYl-- 
ing-said last mentioned distillate to the foesid 
settling zone and withdrwing substniàllF, solr 
vent-ïree off  residul liquid rom said second- 
ary distfllation zone.  
2. The method according to claire I in which 
a.nther portion oï sid water-rich liquid.is pssed 
to the iower section of said secondary distilla- 
tion zone. 
3.  the reing 
kerosene nd gs off cotig, prffini c and 
re]tively non-prffic cotituents t seprt e 
theéfrom 
stiuénts by azeotropic distflltion i the pres- 
ece 0 water nd 
cläss consisting o .phenol and nfle, thê meh 
od comprisg continously passing fresh eed oil 
t0.primrY distilltion zone, subjectmg s ol 
 azeotropic distiHtion therein  the Presence 
of Wer nd said solvent, spplymg sid waer 
nd S01vent fo said zone in mous. sufficient to 
ïorm.  disillte consting essenilly of  ger- 
nary azeo'opi6 mLxure of water, solvent and 
parac cotituen of the 0fl and containiug 
af least the major-portion o the prac con- 
stituen of the feed off, separately withdrawr 
ing ïr0m sd zone sid distillte nd . residual 
liquidcontaining non-parffic constituens of 
the feed off, condensing said. distill, subject- 
i the condenste fo stratffiction, in a settliug 
zone t a mperature in the range bout  60 fo 
150  F., forming in sid setling zone water-rch, 
oil-rich nd so!vent-rich quid. lyers, repec- 
tively, recycling t least  porion o said sol- 
vent-rich liqd to the primary distillation zone, 
pssing said oil-rich liqd  a secondary dtil- 
lation zone, inj¢cting  .portion of said ater: 
rich qd as reflux to said secondry disill- 
tion zone, subjecting the oilrich qud t0 azeo- 
tropic distilltion therein to remove ueous So!: 
vent as a distillte therefrom, recyclg 
last mentioned disti!late fo th aforesaid settling 
zone nd withdrwing substantially sblven-fre 
oil as residual liquid from sd secondary dis- 
tillaion zone. 
4. The method according fO claire 3 in which 
another portion o said wer-rch liqd is passed 
o the lower portion of said secondary distillatïon 
zone. 
5. The method acc0rding  cllm i whmeh 
the polar solvent quid is phenol. 
6. The meth0 according fo claim i wherein 
the polar solvent liquid is alne. 
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